Introduction
Immune thrombocytopenic purpura (ITP) in adults is a chronic autoimmune disorder characterized by low platelet counts and mucocutaneous bleeding. [1] [2] [3] [4] [5] A growing body of evidence suggests that ITP is not only a disease of autoantibody-mediated platelet destruction but also a disease of impaired platelet production. [6] [7] [8] Suboptimal platelet production is thought to be a direct effect of autoantibodies on the megakaryocyte, 9,10 which may be affected further by failure to substantially increase circulating thrombopoietin (TPO) levels despite often marked thrombocytopenia. [11] [12] [13] [14] Treatments for patients with ITP have focused either on inducing short-term increases in platelet counts, through administration of agents such as steroids, intravenous immunoglobulin (IVIG), and intravenous anti-D, [15] [16] [17] [18] [19] [20] or on long-term maintenance of platelet counts through splenectomy or other treatments such as rituximab, danazol, azathioprine, or even prolonged steroid treatment. 5, [21] [22] [23] [24] [25] [26] These treatments are effective in many patients, but may also have drawbacks related to the durability of the response and adverse effects.
Currently, available therapies increase platelet counts in patients with ITP primarily by decreasing platelet destruction. 27, 28 Romiplostim (AMG 531, Nplate) and eltrombopag (SB-497115, Promacta) are thrombopoietic agents stimulating platelet production that have recently been shown to induce increases in platelet counts in both healthy adults 29, 30 and patients with ITP. [31] [32] [33] [34] Romiplostim is a unique thrombopoiesis-stimulating protein, referred to as a peptibody, which is composed of 2 IgG Fc domains coupled with 4 copies of a TPO mimetic peptide. 29 Romiplostim stimulates platelet production by a mechanism similar to that of endogenous TPO (eTPO), 35 but has no amino acid sequence homology with TPO. 32 Administration of a single dose of 1 to 10 g/kg romiplostim to thrombocytopenic patients with ITP increased platelet counts to 50 ϫ 10 9 /L or more, although counts generally fell to less than 50 ϫ 10 9 /L by day 15. 32, 34 Weekly administration of romiplostim increased and often maintained platelet counts over a 6-week course of therapy. 32 Repeated weekly dosing of romiplostim over a 24-week period in two phase 3 placebo-controlled studies in splenectomized and nonsplenectomized chronic patients ITP led to an overall response (platelet counts Ն 50 ϫ 10 9 /L during Ն 4 weeks on study) in 83% of patients and a durable response in 49% of patients. 36 This report describes a single-arm, long-term safety and efficacy study of weekly treatment with romiplostim in patients who had previously completed a romiplostim ITP study. Patients in the current study continued to receive romiplostim or initiated romiplostim treatment if they had previously received placebo. This is an interim report of data collected as of July 13, 2007 , from 142 patients treated with romiplostim, some for as long as 156 weeks.
accordance with the Declaration of Helsinki before entering them into the study. This study began enrolling patients in June 2004, and the planned completion date is currently December 2009.
Patients
Patients could be enrolled in the study if they had completed a previous study of romiplostim for the treatment of ITP, whether they had received romiplostim or placebo. Almost all patients were from previously completed studies that have been described elsewhere. 32, 34, 36 Patients were enrolled at 36 centers in the United States and the European Union beginning on August 2, 2004 ; enrollment is continuing. Written informed consent was obtained from all patients before any screening procedures were performed. The previously completed studies enrolled thrombocytopenic patients at least 18 years of age with ITP as defined by the American Society of Hematology, 37 whether they had or had not previously undergone splenectomy. After completing their prior study of romiplostim, patients could be enrolled in this long-term extension study once their platelet counts were less than or equal to 50 ϫ 10 9 /L. Patients were excluded from the long-term extension study if they had any bone marrow stem cell disorders or new active malignancies diagnosed since enrollment in the previous romiplostim study. Patients were also ineligible if fewer than 4 weeks had elapsed since participation in trials of any other investigational drug or the last administration of alkylating agents.
Treatment
All patients were to receive romiplostim once weekly by subcutaneous injection, and all were to receive their initial romiplostim injections at the study center. Patients who had received romiplostim in a prior study entered this study at the same romiplostim dose received in that study, unless more than 24 weeks had elapsed since their last dose of romiplostim, in which case treatment was initiated at 1 g/kg per week. Patients who had received placebo in the prior study started romiplostim at a dose of 1 g/kg per week in this study. Throughout this study, the dose of romiplostim was adjusted on the basis of the patient's platelet count using prespecified rules for adjustment ( Table 1 ). The target platelet count range was 50 to 250 ϫ 10 9 /L.
The maximum allowed dose of romiplostim was initially 30 g/kg and was later reduced in 2 stages to the current maximum dose of 10 g/kg after it was determined that few patients derived additional clinical benefit from increasing doses above this level. 36 Before the maximum dose was reduced, patients whose weekly dose was greater than 10 g/kg, either because they entered the study at a dose greater than 10 g/kg or whose dose was increased to greater than 10 g/kg, could remain on that dose. After the maximum allowed dose was reduced, these patients could not increase their doses, and those whose dose was reduced could not subsequently increase it until their dose was less than 10 g/kg.
Patients whose romiplostim dose was the same for at least 3 weeks were permitted to self-administer romiplostim and return to the study center for evaluation at designated visits. Patients were trained by the study center staff to prepare and administer self-injections including use of a specially prepared instructional video. Patients who had both been receiving a dose of romiplostim greater than or equal to 10 g/kg and whose platelet count was less than 20 ϫ 10 9 /L for 4 consecutive weeks were considered treatment failures and were discontinued from the study unless the investigator felt the patient was clinically benefiting and the sponsor gave permission for the patient to continue.
Patients could continue to receive concurrent ITP medications (corticosteroids, danazol, and azathioprine) that had been administered at a constant dose and schedule before start of initial study. These medications could be reduced or discontinued at any time during the study after platelet counts reached 50 ϫ 10 9 /L. Rescue medications could be administered when platelets counts were below 10 ϫ 10 9 /L, when there was bleeding or wet purpura, or when deemed medically necessary by the investigator. Rescue medication was defined as any medication administered to increase the platelet count; the permitted rescue medications were IVIG, platelet transfusions, intravenous anti-D, steroids, and antifibrinolytics. Rituximab, alkylating agents, and other investigational agents could not be used as rescue medications. Increase in the dose of a concurrent ITP medication to levels above those used at baseline was also considered rescue medication.
Assessments and outcome measures
All patients underwent a screening evaluation within 30 days before enrollment, which included physical examination, measurement of vital signs, and complete blood count. The results of assessments of antiromiplostim or anti-TPO antibody status from the patients' previous end-of-study visit were used for this study. In addition, platelet counts were performed for all patients before administration of the first dose of romiplostim.
All patients returned to the clinic weekly through week 4. Thereafter, patients who met the criteria for self-administration and elected to self-administer were required to return for ongoing evaluation at designated visits every 4 weeks; all other patients were required to return weekly for their designated visits. Assessments of platelet counts, concurrent medications, and adverse events were made at each designated visit. Patients provided samples for complete blood counts and blood chemistry determinations every 4 weeks, and physical examinations were performed at week 1 and every 12 weeks thereafter. Antibodies to romiplostim were assessed at weeks 1 and 12 and every 24 weeks thereafter according to previously described methods. 32 Nine patients from this study also participated in a supplemental prospective study designed to evaluate the effect of romiplostim treatment on bone marrow morphology. Bone marrow biopsies were taken at baseline (before initiating romiplostim therapy) and after receiving romiplostim for 3 (n ϭ 4) or 9 (n ϭ 5) months. Reticulin assessments performed on biopsies taken from these patients were provided by a pathologist from the central laboratory. Except for biopsies taken as part of the supplemental prospective study, bone marrow examinations were not routine and were performed at the investigator's discretion; however, a biopsy was recommended if abnormalities in the peripheral blood smear (eg, nucleated red blood cells) were observed or there was loss of response despite increasing doses of romiplostim. The exact number of marrows performed in patients on this study is unknown. The results of all available bone marrow examinations are reported here.
Efficacy was evaluated on the basis of platelet response and the proportion of patients able to reduce or discontinue concurrent ITP therapies. Platelet response was defined as a platelet count at a scheduled weekly visit of 50 ϫ 10 9 /L or more and double the platelet count at baseline for this study in the absence of rescue medication in the preceding 8 weeks.
Safety was assessed on the basis of the incidence of adverse events, collected continuously, and captured on a standard case report form, including clinically significant changes in laboratory values and the incidence of neutralizing antibody formation. The severity of adverse events was rated by the investigator on a scale of 1 equals mild, 2 equals Ն 400 Next scheduled dose was held. On the next scheduled dosing day that the platelet count was Ͻ 250 ϫ 10 9 /L, the dose was reduced by 1 g/kg.
moderate, 3 equals severe, 4 equals life-threatening, and 5 equals fatal. An event was defined as mild if the patient was aware of the sign or symptom, but tolerated it easily; moderate if it caused enough discomfort to interfere with usual activity; severe if it was incapacitating and made it impossible to work or engage in usual activities; and life-threatening if the patient was at risk of death at the time of the event. Adverse events were considered serious if they were fatal, life-threatening, required hospitalization or prolongation of existing hospitalization, or resulted in persistent or significant disability/incapacity. Serious adverse events were reported to the sponsor within one working day of discovery or notification of the event on a serious adverse event form.
Statistical analysis
Statistical analyses were descriptive. Categorical end points were summarized by the number and percentage of patients in each category. Continuous end points were summarized by number of patients, mean, standard deviation (SD), median, 25th percentile (Q1), and 75th percentile (Q3), with minimum and maximum values. Baseline was defined as the pretreatment value closest to the first dose in this study. In post-hoc analyses, descriptive statistical summaries were provided for platelet counts by patients' previous treatment and by splenectomy status. Because platelet data were not always normally distributed, median values for these data are presented in this report. This report presents the results for the weeks during which 10 or more patients were on study for all groups in a particular analysis. These periods differed according to the set of patients being evaluated and were as follows: weeks 1 through 144 for the analyses of platelet counts and responses for all patients by study week; weeks 1 through 72 for the analyses of platelet counts and responses by previous treatment; and weeks 1 through 84 for the analyses of platelet counts and responses by splenectomy status.
To discount the possible effect of rescue medications on platelet counts, patients were considered to have had no platelet-related response or excluded from calculation of descriptive statistics for 8 weeks after administration of these medications.
Dose variability was assessed in a post-hoc analysis. For each patient, the total number of weeks beyond week 13 that the patient remained in the study and the dose most frequently administered during that period were determined. The number of weeks the patient's dose changed by greater than 2 g/kg from that patient's most frequent dose was then calculated for each patient and expressed as a percentage of the total number of weeks. On the basis of these percentages, the frequencies (number of patients) were categorized in increments of 10% from 0% to 100%.
Exposure-adjusted adverse event rates were calculated as the total number of events over the total study duration for each group and expressed as events per 100 patient-weeks. The incidence of bleeding events rated as severe, life-threatening, or fatal; and the use of rescue medication were assessed directly from case report forms on a post-hoc basis.
Results

Patient disposition
As of July 13, 2007, the cutoff date for this report, 143 patients had been enrolled in this study ( Figure 1 ). One patient withdrew consent before treatment, 31 patients discontinued the study, and 111 (78%) are continuing. Discontinuation rates were consistently 4% or 5% during each 12-week interval over the first 72 weeks of treatment.
Of the 142 patients who received romiplostim, 18 (13%) never achieved a study-defined platelet response. Of these 18 patients, 10 patients continue on study. The median (range) time on study for these 10 patients was 433 (1-998) days. The other 8 nonresponders
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Did not receive romiplostim N = 1
Continued romiplostim N = 111
Discontinued study N=31 Consent withdrawn (n = 9) Adverse event (n = 7) Need for alternative therapy (n = 3) Death (n = 3) Other (n = 6) Noncompliance (n = 1) Protocol-specified criteria (n = 1) Investigator decision (n = 1) Figure 1 . Disposition of patients with chronic ITP treated with romiplostim for up to 156 weeks. One patient did not receive romiplostim because he withdrew consent. The adverse events leading to discontinuation from the study were increased bone marrow reticulin in 2 patients, vaginal hemorrhage, musculoskeletal pain and headache, deep vein thrombosis, septic thrombophlebitis, and monoclonal gammopathy of undetermined significance in 1 patient each. "Other" reasons for discontinuation were lack of response to romiplostim (2), possible ITP remission/cure (2), patient request (1), and unsteady platelet count (1).
discontinued the study: 2 required an alternative therapy, 2 withdrew consent, 2 withdrew because of the investigator's decision that the patient was not responding and/or not receiving benefit from the drug, 1 had an adverse event (mild headache), and 1 died (myocardial infarction). The median (range) time on study for these 8 patients was 130 (1-861) days. Ninety patients who received the same romiplostim dose for greater than or equal to 3 consecutive weeks initiated selfadministration. Of these 90, 3 discontinued self-administration, 1 because of noncompliance and 2 because of the investigator's decision; these patients resumed romiplostim injections at weekly visits to the study center.
Patient demographics and clinical characteristics
Sixty-seven percent of patients were women, 83% were white, with 8% Latino, the median age was 53, and 60% (86/143) had undergone splenectomy. Twenty-two percent of patients (32/143) were receiving concurrent treatment for ITP at study entry (Table  S1 , available on the Blood website; see the Supplemental Materials link at the top of the online article).
Of the patients treated, 75% (106/142) had been assigned to romiplostim in a previous study, and 25% (36/142) had been assigned to placebo. Therefore, previous treatment with romiplostim varied from no exposure to 24 weeks. 32, 34, 36 
Efficacy evaluation
Median platelet counts increased sharply during the first 4 weeks of treatment and then more gradually through week 16 ( Figure 2A ). Subsequently, median platelet counts remained in the range of 61 to 149 ϫ 10 9 /L through week 144.
The percentage of patients with a platelet response (platelet count Ն 50 ϫ 10 9 /L and double baseline in the absence of rescue medication within the preceding 8 weeks) over time is shown in Figure  2B . A platelet response had been achieved by 30% of patients after the first dose and by 51% of patients after the third dose. Thereafter, up to week 144, between 47% and 74% of patients demonstrated a response. Over the course of the study, a platelet response was observed at least once in 87% of patients (124/142). On average, patients who responded at any point during the study had a platelet response during 67% of the weeks on study (median, 78%; range, 2%-100% of weeks). Percentage of patients with a platelet response over time. A platelet response was defined as a platelet count of 50 ϫ 10 9 /L or more that was at least double the platelet count at baseline in the absence of rescue medication within the preceding 8 weeks. After 1 dose, 30% of patients achieved a platelet response, and after 3 doses, 51% achieved a response. Over the course of the study, a platelet response was observed in 87% of all patients.
Comparison of the effects of romiplostim by the treatment assigned in the previous study (placebo or romiplostim) demonstrated that median platelet counts in patients previously treated with placebo were generally similar to those of patients previously treated with romiplostim at weeks 4, 16, and 52 (Table S2 ). The time to achieve a platelet response was several weeks longer in the patients who had previously received placebo, because they initiated treatment at 1 g/kg, which was less than the average initial dose in patients who had previously received romiplostim. The magnitude of the response and the proportion of patients responding were lower in splenectomized patients (Table S2) ; however, the time course of the platelet response was not affected by splenectomy status in responders. After week 12 and through week 84, median platelet counts in splenectomized patients ranged from 58 to 106 ϫ 10 9 /L and were consistently lower than those in patients who had not undergone splenectomy, which ranged from 96 to 209 ϫ 10 9 /L. During this study, individual patients' romiplostim doses were adjusted on the basis of their platelet counts ( Table 1 ). The mean dose of romiplostim increased over the first 24 weeks and then remained relatively constant ( Figure 3A) . The mean (Ϯ SD) of the average weekly dose was 5.9 (Ϯ 3.9) g/kg (range, 1-17 g/kg), and the mean (Ϯ SD) duration of treatment was 68.5 (Ϯ 39.4) weeks (range, 1-156 weeks). As anticipated, doses for patients previously treated with placebo were increased frequently during the first weeks of the study to achieve a platelet response. Early dose increases were less frequent in patients who previously had received romiplostim, as their doses had already been adjusted during the prior study. After the first 12 weeks of treatment, for 77% of patients, their romiplostim doses were within 2 g/kg of their most frequent weekly romiplostim dose greater than or equal to 90% of the time ( Figure 3B ).
Overall, 36% of patients (51/142) used rescue medications at some time during the study. The percentage of patients who used rescue medications at least once in 12-week periods decreased from 23% of the patients (33/142) treated during weeks 1 through 12 to 15% of the patients (18/124) treated during weeks 24 through 36. Thereafter, the percentages of patients who used rescue medications during each 12-week period ranged from 12% to 18%, except for weeks 132 through 144, when 24% of the patients (4/17) used rescue medication.
Thirty-two patients were receiving concurrent treatment for ITP at baseline. At the cutoff time for this report, 50% (16/32) had discontinued this medication, and a further 34% (11/32) had reduced the dose by at least 25%.
Safety evaluation
Ninety-five percent of patients (135/142) reported at least one adverse event. Headache was the most commonly reported adverse event, followed by nasopharyngitis, contusion, and fatigue (Table  S3) . In most patients, adverse events were rated as mild or moderate in severity. When adverse event rates in this study were calculated on the basis of romiplostim exposure, rates were low; For personal use only. by on March 9, 2009. www.bloodjournal.org From the only events with frequencies of greater than or equal to one event per 100 patient-weeks were headache (1.8), contusion (1.1), and epistaxis (1.0).
Serious adverse events were reported in 31% of patients (44/142). Serious adverse events reported in 3 or more patients each were thrombocytopenia in 10 patients, increased bone marrow reticulin in 5, and congestive cardiac failure in 3. Three other cases of increased bone marrow reticulin were reported; 1 was not considered by the investigator to be serious, and the other 2 were noted in the patient records but not listed as an adverse event. Nineteen serious adverse events considered related to treatment were reported in 13 (9.2%) patients (Table 2) . Of these 19 events, 2 cases of increased bone marrow reticulin and one each of vaginal hemorrhage, deep vein thrombosis, and monoclonal gammopathy of undetermined significance led to discontinuation from the study. Treatment-related adverse events that were severe (grade 3) but not serious (not leading to hospitalization or life-threatening), were reported in 6 patients ( Table 2) .
Bone marrow samples were taken from 16 patients during this study. Nine patients participated in a supplemental prospective study designed to evaluate the effect of romiplostim treatment on bone marrow morphology in patients with ITP. Baseline biopsies were evaluable in 8 patients, and reticulin staining was absent at baseline in all but 1 case, in which reticulin staining was mild. Six patients had evaluable biopsies at both baseline and follow-up. Reticulin staining after romiplostim treatment remained absent in 5 of 6 cases, and in 1 patient treated with romiplostim for 3 months changed from none to mild. Trichrome staining, tested in 8 baseline and 7 follow-up samples, was absent in all cases. The presence of or an increase in bone marrow reticulin was spontaneously reported in samples from 8 patients (Table 3) , 1 of whom (patient no. 3231) also participated in the prospective study. Two patients discontinued the study because of these bone marrow findings. Trichrome staining, done in only 4 patients, was negative for type I collagen formation. Immunophenotyping, performed in only 3 patients, and cytogenetics, performed in only 5 patients, did not reveal any clonal abnormalities. No clinical symptoms related to the observed bone marrow reticulin were reported. In general, the presence of bone marrow reticulin was associated with prior splenectomy, exposure to multiple prior ITP therapies, relatively high doses of romiplostim, minimal platelet response, and possibly the presence of nucleated red blood cells (Table 3) . Other variables such as age, ITP indicates idiopathic thrombocytopenia purpura. *Three patients died during the study, but none of the deaths was considered related to treatment with romiplostim. None of the adverse events presented in this table was fatal.
†Severity: 1, mild; 2, moderate; 3, severe; 4, life-threatening; 5, fatal. ‡Serious adverse event includes any event that is fatal, life-threatening (places subject at immediate risk of death), requires inpatient hospitalization or prolongation of existing hospitalization, results in persistent or significant disability/incapacity, a congenital anomaly/birth defect, or other significant medical hazard.
§Thrombosed inflammatory fibrosis (preferred term thrombosis) was diagnosed at the site of a central line placed 13 years previously for blood draws because of poor vascular access.
ʈPlatelet count was 4 ϫ 10 9 /L on the day the event started. ¶Three additional patients had reports of bone marrow reticulin. In 1, reticulin was mild and not considered serious, and in the other 2, bone marrow reticulin was noted in the patient records but was not listed as an adverse event (see Table 3 ). *Age, sex, splenectomy status, and current steroid treatment for the study population as a whole at baseline are given in Table S1 . These values were: median age, 53 years; proportion of females, 67%; proportion splenectomized, 60%; proportion receiving concurrent ITP treatment, 22%.
†Years between ITP diagnosis and initial dose in previous studies. ‡Patient underwent splenectomy near the time the bone marrow aspirate and biopsy were taken. §If the platelet count at the time of the event was not available, the closest preceding platelet count was used. ʈStudy ended on day 30. No platelet count reported at time event was reported. ¶NA entered when no follow-up was available. #LDH level higher than 250 U/L. (The reference range for LDH was 100-250 U/L.) **Romiplostim treatment interrupted for approximately 15 weeks because of increased bone marrow reticulin.
sex, and concomitant steroid treatment did not appear to be associated with bone marrow reticulin. Follow-up bone marrow examinations were performed after discontinuation of romiplostim in only 2 patients and showed improvement in 1 patient and no change in the other. In a post-hoc analysis, the proportion of patients experiencing bleeding events decreased from 42% (60/142) in the first 24 weeks to 29% (37/126) in the following 24 weeks, declining to 23% (22/97) and 20% (13/65) of patients during weeks 48 to 72 and weeks 72 to 96, respectively. Fourteen severe bleeding events were reported in 8.5% of patients (12/142) ( Table 4) ; no life-threatening or fatal bleeding events were reported. Severe epistaxis was reported in 2 patients, and all other severe bleeding events were reported in one patient each. All but one bleeding event (vaginal hemorrhage) were considered by the investigator to be unrelated to romiplostim. Eleven of the 14 events occurred within the first 24 weeks of treatment. Platelet counts taken at or near the time of occurrence of the bleeding event were less than or equal to 30 ϫ 10 9 /L for all but one event (conjunctival hemorrhage).
Twelve thrombotic or thromboembolic events were reported in 7 (4.9%) patients. Five of these were seen in 4 patients and are described in Table 2 . The other events were not deemed related to treatment. They include deep vein thrombosis, a myocardial infarction, coronary artery occlusion, septic thrombophlebitis, and transient ischemic attack. Most thrombotic events (8/12) occurred in the absence of a platelet count above 400 ϫ 10 9 /L in the 2 weeks before or after the event. In 6 of 7 patients, the events were serious; however, all 6 of these patients were known to have one or more preexisting risk factors for thrombosis before romiplostim treatment was initiated in the prior treatment study.
A blood sample from one patient was transiently positive for anti-romiplostim neutralizing antibodies but always negative for anti-TPO antibodies. This patient withdrew consent and discontinued the study at week 79, before the results of the antibody tests were available. The blood sample was obtained at the time of discontinuation. The patient's platelet count had been consistently between approximately 50 and 200 ϫ 10 9 /L but decreased to 37 ϫ 10 9 /L at week 79, the week after his romiplostim dose was tapered off. No thrombocytopenia related to the presence of antibody was observed. The patient returned to provide a follow-up sample approximately 4 months later. The follow-up sample was negative for anti-romiplostim neutralizing antibodies and negative for anti-TPO antibodies. The maximum dose of romiplostim the patient received was 3 g/kg, and platelet counts were maintained above the baseline level throughout the study.
Three patients died during this study. One patient developed renal failure and subsequently experienced a myocardial infarction and congestive cardiac failure, followed by cardiac arrest. One patient died from acute cardiorespiratory failure secondary to overwhelming postsplenectomy sepsis due to streptococcus pneumonia. The third died as a result of hepatic and renal failure secondary to underlying liver cirrhosis and hepatocellular carcinoma. None of the deaths was considered by the investigators to be treatment-related.
With the exception of platelet counts, no clinically significant treatment-related changes were observed in vital signs, physical examination findings, or hematology or serum chemistry values.
Discussion
In this study of long-term management of patients with chronic ITP, weekly subcutaneous administration of romiplostim was an effective and apparently safe means to increase the platelet count in both splenectomized and nonsplenectomized patients over up to 156 weeks of treatment. A platelet response was achieved by 87% of all patients at one or more points during the study, without evidence of tachyphylaxis. Almost all (84%) patients taking concurrent treatment for ITP at the time of study entry were able to reduce or completely discontinue it, and rescue medication was required in only one-third of patients.
The decrease in bleeding events observed over time and the small number of severe bleeding events reported during this long-term study provide evidence that platelet count increases produce clinical benefit in patients with ITP. This is consistent with the generally agreed upon hypothesis that bleeding is often correlated with platelet counts. When platelet counts were available at or near the time of a severe, life-threatening, or fatal bleeding event, the counts were less than 30 ϫ 10 9 /L in all but one case. These findings support the 30 ϫ 10 9 /L platelet count threshold for treatment recommended in international practice guidelines 4, 38, 39 and the greater than or equal to 50 ϫ 10 9 /L treatment goal for romiplostim. The results of this study extend those from the two 24-week phase 3 studies in splenectomized and nonsplenectomized patients. 36 As in other studies of ITP, 32, 36 variability was noted in the responses at given doses of romiplostim, with week-to-week fluctuations in platelet counts, which were substantial in a small number of patients. Given the inter-and intrapatient variability in response, it appears that patients initially require monitoring at weekly intervals to adjust doses and then no less than once per month during treatment. That having been said, most patients in this study had their romiplostim dose almost always remain within 2 g/kg of their most frequently administered dose and therefore met the stability criteria that allowed them to initiate and continue self-administration of romiplostim. Their experience suggests that self-administration at home may be a convenient option for many patients.
In the phase 3 studies, the mean of each patient's average weekly dose of romiplostim was 2.5 g/kg, 36 whereas in this long-term study, the mean of each patient's average weekly dose of romiplostim was 5.9 g/kg. There are several possible reasons for the higher dose used in this study, including different platelet ceilings leading to dose adjustments, allowing concurrent medication adjustment in only the first 12 weeks of the 24-week studies, and enrolling patients in this study from the phase 1 and 2 studies who were allowed to dose up to 15 to 30 g/kg.
Long-term treatment with romiplostim had an acceptable safety profile consistent with that observed in the 24-week phase 3 placebo-controlled studies. 36 In this long-term study with treatment up to 156 weeks, adverse events in most patients were mild or moderate in severity. There was no placebo control group in this study; however, for 23 of the 26 most common adverse events, the exposure-adjusted frequency was less than 1 per 100 patient-weeks (Table S3 ). For patients who were self-injecting, adverse events were recorded at the clinic visits every 4 weeks. Thus, accuracy of the adverse event reports for these patients depended upon the reliability of their memory of events that may have occurred several weeks previously. Given the long time-period of conducting the study, almost all patients reported adverse events at some time during the study, but the great majority were considered unrelated to treatment.
Eight patients were noted to have bone marrow reticulin present or increased without any evidence suggesting progression to a clonal disorder, particularly chronic idiopathic myelofibrosis (CIMF) ( Table 3 ). The number of patients who underwent bone marrow biopsies in this study and had no reticulin is unknown. In one pilot study of serial bone marrows, only 1 of 6 patients who underwent bone marrow biopsies, both before and after treatment with romiplostim, had a mild increase in reticulin. Reticulin is a normal component of the bone marrow, and grade N or grade 1 reticulin 40 is found in 69 to 76% and grade 2 reticulin in 4 to 5% of bone marrow biopsy specimens obtained from healthy subjects. [40] [41] [42] No normal biopsies have grade 3 or 4 reticulin. In a retrospective study of bone marrow biopsy material from ITP patients, Mufti et al found a similar pattern of reticulin staining; no grade 3 or 4 reticulin was found. 43 In a prior study in acute myeloid leukemia patients, 8 of 9 patients treated with recombinant human TPO and granulocyte macrophage-colony-stimulating factor (GM-CSF) developed increased bone marrow reticulin, versus only 2 of 6 who received GM-CSF alone. 44 Upon discontinuation of the TPO, the reticulin fully reversed within an average of 30 days (range: . Of the 2 patients in the study reported here in whom follow-up bone marrow biopsies were performed after discontinuation of romiplostim, one showed improvement in the amount of reticulin and the other did not; however, neither had total regression. It is believed that interleukin-11, GM-CSF, and thrombopoietic agents may increase bone marrow reticulin, possibly through local release of transforming growth factor (TGF)-␤ from (the increased number of) bone marrow megakaryocytes. 42 The role of this cytokine in TPO-induced reticulin deposition has also been studied in transgenic mice overexpressing TPO, in which increased bone marrow fibrosis was accompanied by elevated plasma levels of TGF-␤. 45 In animal models and humans, increased bone marrow reticulin does not seem to be associated with either hematologic abnormalities or progression to clonal myeloproliferative diseases and is reversible. 42 Six of the 8 patients with spontaneously reported reticulin in this study had reticulin levels of mild to moderate (grade 2 or less or within the normal range). All patients continue to be monitored for clinical signs of any progressive bone marrow abnormalities. Bone marrow samples taken as part of the supplemental prospective study demonstrated that reticulin was (mildly) increased in only 1 of 6 patients treated with romiplostim. Future studies, including bone marrow biopsies before and after treatment in large numbers of patients with ITP treated with romiplostim, will be required to clarify the incidence and clinical significance of bone marrow reticulin and to determine the degree of regression that occurs upon withdrawal of treatment.
In this study, 12 thrombotic or thromboembolic events were reported in 4.9% of patients (7/142) treated up to 156 weeks. By comparison, incidence rates of 2.4% were observed both in patients with ITP who received romiplostim and in those who received placebo in the two 24-week phase 3 studies; exposure rates were not calculated in these studies. 36 As evidence ITP itself may be a prothrombotic disease, in a retrospective series of 186 adults with ITP, thrombotic events were identified by history in 5% of patients. 46 During the study, one patient transiently developed neutralizing antibodies against romiplostim but not worsened thrombocytopenia. Romiplostim has no amino acid sequence homology to eTPO, and therefore antiromiplostim antibodies would not be expected to cross-react with eTPO as this one did not.
Conclusions based on the results of this open-label study are limited by the lack of a control group. It is not known how many patients might have improved spontaneously, without treatment over the time of the study; however, given that 60% of patients had failed to respond to splenectomy, it is unlikely that it would have been a substantial number. Similarly, it is hard to judge the incidence of adverse events, but the finding that rates were lower in this study than in the 24-week studies suggests that the longer term usage in this study was not associated with cumulative toxicity. This initial report of increased marrow reticulin, seen in 8 patients in this study, is tempered by the inability to estimate a true incidence of this occurrence.
This study, the longest to date by far of a thrombopoietic agent in the treatment of ITP, shows romiplostim to be an effective and well-tolerated maintenance treatment in patients with chronic ITP for up to 3 years, even in those with severe, refractory disease who had undergone splenectomy. These results extend previous findings that romiplostim induces platelet count increases within 1 to 3 weeks in most patients 32 and amplifies the findings of the phase 3 studies, 36 which were only of 24 weeks' duration. Additional studies are exploring the ability to use romiplostim as a maintenance treatment with the specific aim of avoiding splenectomy.
